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2. Fourier transform infrared spectroscopy
3. Crystallinity

4. X-ray diffractometer

5. Crystalline index
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10. Thermogravimetric analysis

11. Field emission scanning electron microscope
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Table 1 Pre-treatment conditions applied to extract cellulose from walnut shell

Applying DBD cold plasma pretreatment Sample
Plasma treatment Time (min) Voltage (kV)
- - - Control 1
Before alkaline treatment 10 18 Alg8 2
Before bleaching treatment 10 18 B18 3
Before alkaline and bleaching treatment 10 18 ABI18 4
Before alkaline treatment 10 20 A20 5
Before bleaching treatment 10 20 B20 6
Before alkaline and bleaching treatment 10 20 AB20 7
Table 2 Cellulose extraction efficiency
Efficiency (%) Sample
26.08+0.31" Control
25.910.31* Al8
23.58 +0.42¢ B18
22.58 +0.51° ABI18
24.58 +0.31° A20
23.41+0.42° B20
22.08 £0.31° AB20

Various letters in each column show significant differences among mean values (p<0.05).

A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline treatment, B18: Cellulose extracted by 18
kV plasma pretreatment before bleaching treatment, AB18: Cellulose extracted by 18 kV plasma pretreatment
before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV plasma pretreatment before alkaline
treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before bleaching treatment, AB20: Cellulose
extracted by 20 kV plasma pretreatment before alkaline and bleaching treatment
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Fig 1 FTIR spectra of Control, A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline treatment,
B18: Cellulose extracted by 18 kV plasma pretreatment before bleaching treatment, AB18: Cellulose extracted by
18 kV plasma pretreatment before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV plasma
pretreatment before alkaline treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before bleaching
treatment, AB20: Cellulose extracted by 20 kV plasma pretreatment before alkaline and bleaching treatment, and
WS: walnut shell.
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Fig 2 X-ray diffractograms of Control, A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline
treatment, B18: Cellulose extracted by 18 kV plasma pretreatment before bleaching treatment, AB18: Cellulose
extracted by 18 kV plasma pretreatment before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV
plasma pretreatment before alkaline treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before
bleaching treatment, AB20: Cellulose extracted by 20 kV plasma pretreatment before alkaline and bleaching
treatment, and WS: walnut shell.

Table 3 Percentage of crystallization and crystal size of walnut shell and cellulose extracted by plasma

treatment

Crl (%) L (n) B Sample
349 1.14 7.36 WS
59.8 2.63 3.20 Control
53.1 2.52 3.35 Al
51.6 2.58 3.26 B18
53.8 2.57 3.28 ABI18
54.1 2.51 3.35 A20
53.1 2.59 3.25 B20
55.7 2.58 3.26 AB20

A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline treatment, B18: Cellulose extracted by 18
kV plasma pretreatment before bleaching treatment, AB18: Cellulose extracted by 18 kV plasma pretreatment
before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV plasma pretreatment before alkaline
treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before bleaching treatment, AB20: Cellulose
extracted by 20 kV plasma pretreatment before alkaline and bleaching treatment, and WS: walnut shell.
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12. Differential thermogravimetric
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Fig 3 (A) TGA and (B) DTG of Control, A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline
treatment, B18: Cellulose extracted by 18 kV plasma pretreatment before bleaching treatment, AB18: Cellulose
extracted by 18 kV plasma pretreatment before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV
plasma pretreatment before alkaline treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before
bleaching treatment, AB20: Cellulose extracted by 20 kV plasma pretreatment before alkaline and bleaching
treatment, and WS: walnut shell

55 edalin (FB JS2) DTG la s s amslr [YE]
S35 L el e (S 3 L g il il slak gl 53
5l Bl gk ams YVE b agde ergs Yoo
03 gdowe ldd odalis a3 YO (sles 53 055 a8 iSlas
e b et S 5 gles e3sdo 3 e
Iro] culons 51850 Sldllas ple s a8 conl 35
N P NP R

Suo ke 4 ass S S Oy Sl ol slas
Ve S bt JSS s bidses Ll Dled L e
gy 350 0 odalie IS5 55 5 shilen  Liledd esls 0L
S drs e OIS loag 5 03,08 s 4 skl 90 8 o
S e DS L oees b laanas ekedOlE
dlge 5> Bbls LS5 ple s Lapse 5 (K 5 ke o)
V] das e S8 s G Y Sl g5k 55
[

A e 8,8 8 5 S s sl b IS el
I 93 8 Gy 03,85 o 4 sl b 51 o 4o e sledly
Lo pallil Gl 5l sk sla b cnl o 5 02
Sled 51 ey kias o OLS (oI5l O 5 Sl (golla
Tl 53 s e S e lapa L5 LSl

sl olag el b 51 placand 53 5 Al skl s 03

YVe B YO les sssdes 3 Laised 53 kol 035 LialS
O oS 52 S5 alm o ol 3 bl BLEL e gedes 4 s
JSE L elen ilshe Gladals o 55 5 Ol edis
S ey s edalin oS sboles [TV asl e Gl Js
o Sls b S, (Tonset) a0 cnl 02 o 5 £ slos
Glb>Me LB sl Llg SOl apmd B oedldd 5 ol
ST O3St Joli &8 ey 80 Cod Caand 5 SIS
o213 STy ) e Sl 51 5 e s s 53 3 50
FB s Tonsersles 31 50 ol o S, ool ol

IV T bl o 3L i
ot b b s B Sl kel S0l e S
s ol 5l A Sl aes S L 5 b wlsl Sl
i Ol S 3 4 Nl e oS A sdalie ol -
Crplastl e lav g ol 5 sl (slae s
Gs bl ols 5 welle L JL; s ,C-C 3 H
dald lshe e o aee ol [PV L WSS s
@ by daye B 4 Chiy basd Ll Se e
e opl 5o &I s Sl e Ll ol Il sl
Fshogen SOl ok, D] il beaised ple & Cod
A S A Ol 5 A e Sl s 2SS
wlod o35 53 5 4 2SI 5 sk sl s S~
Ans e iy sl a3 VTmAe e STV —Ee Y)Y YO


http://dx.doi.org/10.22034/FSCT.19.134.17
https://dorl.net/dor/20.1001.1.20088787.1402.20.134.2.6
https://fsct.modares.ac.ir/article-7-62516-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-30 ]

[ DOR: 20.1001.1.20088787.1402.20.134.2.6 ]

[ DOI: 10.22034/FSCT.19.134.17 ]

VY Q’.’.D)}J'é A 092 AYE o)Lo.«::

b Jlesl Hlas 36 o b b b Sl £ 50 L polas
sl et Wiged 53 bbb Sle 5 (P<0/v0) C5 S 15
dald @ sed 4 ol oL Al e Sl LS S5 ShS A st L
LS gy 52 Js s Wlg e s s Rl bl Al
W ledl Co ol Sles 4ges o3 ks il SUI
b b oS GlaisS 3 s (5,585, Al e 5l 3 ks
Tl 03 O Gl 5 O3, S5 ot B el e sk

A edalin (3l sk BUI Sin 53 bajd

o SN LR 3 ;
Fig 4 FE-SEM images of Control, A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline treatment,
B18: Cellulose extracted by 18 kV plasma pretreatment before bleaching treatment, AB18: Cellulose extracted by
18 kV plasma pretreatment before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV plasma
pretreatment before alkaline treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before bleaching

treatment, AB20: Cellulose extracted by 20 kV plasma pretreatment before alkaline and bleaching treatment, and
WS: walnut shell.
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Table 4 Average diameter of walnut shell fibers and cellulose extracted by plasma pretreatment

The average diameter of fibers (um) Sample
338+ 1.15% WS
0.81+0.10 B¢ Control
0.98 £0.25 8 Al8
0.52+0.11 P B18
0.34+0.17 °F ABI18
0.41 +0.09 °F A20
0.26 +0.10 °F B20
0.08 £0.01 ° AB20

Various letters in each column show significant differences among mean values (p<0.05).

A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline treatment, B18: Cellulose extracted by 18 kV plasma
pretreatment before bleaching treatment, AB18: Cellulose extracted by 18 kV plasma pretreatment before alkaline and bleaching
treatment, A20: Cellulose extracted by 20 kV plasma pretreatment before alkaline treatment, B20: Cellulose extracted by 20 kV

plasma pretreatment before bleaching treatment, AB20: Cellulose extracted by 20 kV plasma pretreatment before alkaline and
bleaching treatment, and WS: walnut shell.
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ABSTRACT
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The present study aims to extract cellulose fibers from the walnut shell using
dielectric barrier discharge (DBD) plasma pretreatment and to evaluate its
properties. For this purpose, powdered walnut shells were exposed to 18 and
20 kV DBD plasma for 10 min in three stages. First, before sodium hydroxide
alkaline treatment, next,before sodium chlorite bleaching treatment, and
then,before both alkaline and bleaching treatments. The extraction efficiency,
FTIR, XRD, thermal properties, FESEMand diameters of the cellulose fiber
were evaluated. Based on the results, the extraction efficiency was
significantly affected by applied voltage (p<0.05) and due to plasma
destruction of glycosidic, the efficiency was reduced. The removal of peaks
related to impurities from the walnut shell and the purity of all extracted
cellulose was confirmed with FTIR. The results showed that applying DBD
plasma during cellulose extraction did not affect its crystal structure, but the
reduction of crystallization index was observed. Furthermore,the effect of
plasma on the thermal-gravimetry of the samples was observed at
temperatures below 100 ° C, and after the onset temperature of degradation,
the behavior of the treated and untreated fibers until the final thermal
decomposition was not significantly different. The microstructure of plasma-
treated samples showed an increase in cellulose fiber's roughness and
swelling, followed by the transformation of microfibrils to nanofibrils with a
diameter of 80 nm at the higher voltage.In general, the results showed that
applying 20 kV DBD plasma in both stages before the alkaline and
delignification process is a more suitable treatment for extracting cellulose
and producing cellulose nanofibers.
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